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The present invention relates to the crystal structure of pRb/E2F (4 09-426) as well as uses 
Gf the structure in identifying agents which modulate the binding between pRb and 
E2F and/or a pRb/E2F( 40 9-426) complex, and thus are useful as pharmaceutical agents in 
tbe-preventioruor treatment of.proliferative.diseaae.s^ . . 

The retinoblastoma tumour suppressor protein (pRb) regulates the cell cycle, sponsors 
differentiation and restrains apoptosis. Dysfunctional pRb is thought to be necessary 
for the development of most human malignancies. 

pRb Controls the cell cycle and apoptosis by acting as a negative regulator of 
transcription. It is now established that the growth-inhibitory effects of pRb are 
dependent on its regulation of the E2F family of transcription factors whose activity is 
necessary for the expression of genes involved in the Gl to S transition of the cell 
cycle and DNA replication. The transcriptional repression exerted by pRb over E2F 
responsive promoters involves at least three, distinct mechanisms. By binding to the 
transcriptional activation domain of E2F, pRb prevents it from recruiting components 
of the transcriptional apparatus and, once tethered to E2F promoters, pRb interacts 
with, and represses, other nearby transcription factors. Finally, pRb recruits protein 
factors to E2F promoters, such as histone deacetylases (HbACs) and histone 
inethyltransferases CHMTases) that negatively regulate transcription by altering 
chromatin structure. 

In addition to regulating entry into S-phase, it is thought that pRb is important in 
protecting differentiating cells from apoptosis. Certainly in many types of tissue, loss 
of pRb leads to apoptosis. This and other data has led to a model whereby the ^ 
anti-apoptotic activity of pRb is mediated by its repression of certain E2F-deppndent £tf 
pfbinoters. Unredressed E2F is able to drive apoptosis by both p53-dependbnfahd 
p534hdependent mecharusms. / *N. %/V 



Although inactivation of the pRb pathway is thought to be widely involved in cellular 
transformation, there are examples of tumours where over-expression of functional 
pRb appears to be detrimental to successful clinical treatment. For example, 
5 adenocarcinoma of the pancreas is the fifth most common cause of cancer-related 

- - - -death-in the- Western world. Iti& particularly resistant to currently available forms of 

chemotherapy and radiation therapy. It is thought that this malignancy is able to evade 
apoptosis induced by treatment with chemotherapeutic drugs because of 
over-expressidn of pRb. It seems plausible that the protective effect of pRb 
10 over-expression against apoptosis is mediated by E2R By blocking transcriptional 
activation by.E2F, over-fexpressioh of pRb appears to render pancreatic cancer cells 
insensitive to chemotherapy. 

As many of the ariti-tumourigenic properties of pRb are mediated by its regulation of 
15 the E2F transcription factors, it would be beneficial to have a crystal structure of the 
pRb-binding fragment of E2F (E2F( 40 9-426)) in complex with the tumour suppressor 
protein. Such detailed knowledge of the molecular interactions between E2F and the 
A/B interface of pRb would enable the development of compounds that bind to pRb 
and inhibit complex formation. Such a compound, administered in parallel with 
20 conventional chemotherapy, would offer a means of enhancing treatment of 
proliferative diseases such as pancreatic cancer and perhaps related diseases. 

Accordingly, the present invention provides the crystal structure of the primary 
pRb-binding fragment of E2F (E2F( 4 09-426)) in complex with the tumour suppressor 
25 protein pRb. The structure shows how E2F(409-426) binds at the interface of the A and 
B domains of the pocket of pRb making extensive interactions with conserved residues 
from both. 

In order to address the regulation of the E2F transcription factor by pRb, the present 
30 inventors have determined the crystal structure of the complex of pRbAB bound to the 



minimal binding region of E2F, namely B2F (409A2 ^ h The structure has important 
.'■ implications for the understanding of pRb/E2F function. The studies have quantified ' : '' X 
the contribution of the principal interaction made by E2F through residues 409-426 
with pRb as well as that of a secondary interaction involving the marked box region of 
E2F. In both cases these interactions are with the pocket region of the tumour 
- -suppressor- protein pRb. . 

The analysis of the crystal structure of pRb/E2F (40 9-426) suggests that B2F m9 ^6) acts as 
a sensor of the structural integrity of the pRb pocket. Accordingly, cells in many 
tissues should be protected against deleterious mutations in pRb because they will 
sponsor increased E2F transcriptional activation, and thus apoptosis. It seems 
particularly intriguing, therefore, that all tumour derived pRb mutants fail to bind to 
E2F suggesting that an intense selectionary pressure operates in many types of tissue 
in favour of cells which harbour defects in apoptosis once they have lost normal pRb 
function. Perhaps the most notable exception to this process occurs in retinal cells, 
which are able to survive for some time with loss of pRb without acquiring other 
genetic alterations. Indeed, it has been suggested that these particular Cells are 
distinguished by their ability to acquire survival signals from neighbouring cells and 
thus give rise to the epOnyrboUs retinoblastomas. 

According to a first aspect, the present invention provides a crystal structure of the 
pRb/E2F ( 409-426) complex, characterised by the atomic co-ordinates of Annex 1. 

Preferably the interactions between E2F (409 - 4 26) and pRb comprise one or more of the 
following interactions: 



E2F(4ojM26) residue 


pRb residue 


Leu 40 9 


Lys&g 


Tyr 4 n 


GIU551 



E2F ( 409-426) residue 


pRb residue 


Tyr 4 n 


De532 


Tyr 4 n . 


GIU554 


BQS412 


Argese 1 


His 4 i2 


Lys 65 3 


Glyw 


G1U533 


Gly 4 i4 


LyS652 


Leu 4 i5 


Leu6 4 9 


Leu 415 (4j 


G1U553 


Leu 4 i5 


Lys 53 7 


Glu 4n 


Lys 53 7 


Gly 4 is 


Arg^? 


GlU 4 i9 


ThT645 




Glu 4 6 4 


Asp 42 3 


Arg4 6 7 


Leu« 4 


Lys 530 


Phe 425 


Phe 482 


Phe 42 5 


Lys 47 s 



In a second aspect, the present invention provides ah assay to identify an agent which 
modulates the interaction between pRb and E2F (4 09-426), the assay comprising:- 

a) combining together pRb, E2F (4 o9-426) and an agent, under conditions in which pRb 
and E2F ( 409-426) form a complex; 

b) obtaining a crystal structure of any pRb/E2F ( 409-426) complex; and 

c) analysing the crystal structure to determine whether the agent is ari agent which 
modulates the interaction between pRb and E2F(409-426)« 



In the present inventipn, the term "modulates" is intended to refer to inhibiting, 
enhancing, destabilising and/or stabilising the interaction between pRb arid E2F (4 09-426) 
arid/or the formation of the pRb/E2F (40 9: 4 26) complex and/or the stability of the 
complex after formation. 

. "conditions in Which pRb and E2F C4 £9_^) canjform a complex" are those conditions in 
which pRb and E2F( 40 9^26)fonri a complex in the absence of an agent. Therefore the 
effect of the agent oil the interaction between pRb and E2F( 4 o9-426) and complex 
formation can be assessed. 

In the assay, the combining of the pRb, E2F( 4 o9^26) and agent may be in any order. 
The order may be combining pRb with the agent and then adding the E2F (40 9- 4 26)- 
Alternatively, the order may be combining E2F (40 9-426) with the agent arid then adding 
pRb, Or combining pRb with E2F (40 9-426) and then the agent. Fdr example, the pRb may 
be combined with E2F( 409 ^26) before soaking the complex in the agent, preferably in a 
solution of the agent. In this regard, two of the pRb, E2F (4 09- 4 26) arid agent may be co- 
crystalised before adding the pRb, E2F (40 9-426) or agent, as appropriate. 

In a third aspect, the present invention provides a method of identifying an agent that 
modulates a pRb/E2F( 4 09^ 4 26) complex, comprising selecting an agent using the three- 
dimensional atomic coordinates of Annex L 

Preferably, said selection is performed in conjunction With computer modeling. 
Preferably the method comprises the further steps of: 

a) contacting the selected agent with pRb and E2F (4 09-426) under conditions in which 
pRb arid E2F(409-42$ can form a complex; and 

b) ifiieasuring the binding affinity of pRb to E2F (40 9-426) in the pireserice of the agent 
arid comparing the binding affinity to that of pRb to E2F( 40 9-426) when in the 
absence of the agent, wherein an agent modulates a pRb/E2F( 4 69-426) complex 



c 



15 



15 




when there is a change in the binding affinity of pRb to E2F (4 09-426) when in the 
presence of the agent. 

The method may further comprise: 
5 a) growing a supplementary crystal from a solution containing pRb and E2F (4 09- 

426) -and the selected agent where said agent changes the binding affinity of the 

pRb/E2F ( 409-426) complex under conditions in which pRb and E2F( 4 o9-426) can 
form a complex; 

b) determining the three-dimensional atomic coordinates of the supplementary 
10 crystal by X-ray diffraction using molecular replacement analysis; 

c) selecting a second generation agent Using the three-dimensional atomic 
coordinates determined for the supplementary crystal. 



Preferably, said selection is performed in conjunction with computer modeling. 



In a fourth aspect there is provided a method of identifying an agent that modulates a 
pRb/E2F ( 409-426) complex, comprising: 

a) contacting a selected agent with pRb and E2F(4d9-426) under conditions in which 
. pRb and E2F( 40 ^26) can form a complex; and 
20 b) measuring the binding affinity of pRb to E2F (40 9-426) in the presence of the agent 
arid coniparing the binding affinity to that of pRb to E2F( 4 o9-426) when in the 
absence of the agent, wherein an agent modulates a pRb/E2F( 4 09- 4 26) complex 
when there is a change in the binding affinity of pRb to E2F( 4 09-426) when in the 
presence of the agent. 



There is a "cha[ngfc in the binding affinity" when the binding affinity either decreases 
or increases \Vh~eri in the presence of the agent. If a decrease is observed, the agerit may 
be inhibiting the complex. If an increase is observed, the agent may be enhancing the 
Complex. 



; The method of the foixtt^ aspect niay further comprise: 
; a) growing a supplementary crystal from a solution containing pRb and E2F (4 09- 
426) and the selected agent where said agent changes the binding affinity of the 
pRbyE2F ( 409-426) complex under conditions in which pRb and E2F(409-426) can 
form a complex; 

b) -deteiMmng-the^threerd^ _ 

crystal by X-ray diffraction using molecular replacement analysis; 
c) selecting a second generation agent using the three-dimensional atomic 
coordinates determined for the supplementary crystal 

Preferably, said selection is performed in conjunction with computer modeling. 

In a fifth aspect, the present invention provides a method of identifying ah agent that 
modulates a pfeb/E2F (4 09-426) complex, comprising: 

a) selecting an agent; 

b) co-crystalising pRb with the agent; 

c) determining the three dimensional coordinates of the pRb-agent association by X- 
ray diffraction using molecular replacement ainalysis; arid 

d) comparing the three dimensional coordinates with those of the complex as 
claimed in claim 1. 

In a sixth aspect, the present invention provides a method of identifying an agent that 
modulates a pRb/E2F(409-426) complex, comprising: 

a) selecting aft agent; 

b) cryistalising pfeb and soaking the agent into the crystal; 

c) detenhiriing the three diifiensional coordinates Of the pRb-agerit association by X- 
ray diffraction using molecular replacement analysis; and 

d) cdmparingthe three dimensional coordinates with th6se of the complex as 
claimed in claim 1. 




In a seventh aspect, the present invention provides a method of identifying an agent 
that modulates a pRb/E2F( 4 09-42d) complex, comprising: 

a) selecting an agent; 

b) co-crystalising pRb, E2F (4 09-426) and the agent; 



5 c) .determining the three dimensional coordinates of the pRb-E2F-agent association 

by-X-ray-diffraddon using-molecular-replacementanalysis^iand _ 

d) comparing the three dimensional coordinates with those of the complex as 
claimed in claim 1. 

10 In an eighth aspect, the present invention provides a method of identifying an agent 
that modulates a pRb/E2F(409-426) complex, comprising: 

a) selecting ah agent; 

b) co-crystalising pRb and E2F (4 09-426) and soaking the agent into the crystal; 

c) determining the three dimensional coordinates of the pRb-E2F-agent association 
15 by X-ray diffraction using molecular replacement analysis; arid 

d) comparing the three dimensional coordinates with those of the complex as 
claimed in claim 1. 

. Preferably the method of the fifth, sixth, seventh or eighth aspect further comprises 
20 selecting a second generation agent using the three dimensional atomic coordinates 
determined. The agent is preferably selected using the three dimensional atomic 
coordinates of Annex 1. The selection may be performed in conjunction with 
computer modeling. 

25 Preferably the selected agent arid/or the second generation agent, in the second, third, 
fourth, fifth, sixth, seventh and/or eighth aspects mimics a structural feature of E2F (40 9- 
426) when said E2F (40 <M26) is bound to pRb. 



30 



Preferably soaMng refers to the pRb/E2F (40 9-426) complex being transferred to a 
solution containing the selected agent. 



The ihethdd as defined in the third aspect preferably comprises the further steps of: 

a) contacting the selected agent with the pRb/E2F (40 9-426) complex; and 

b) determining whether the agent affects the stability of the complex. 

5 




In a ninth aspect, the present invention provides a method of identifying an agent that 
modulates a pRb/E2F( 40 9-426) complex, comprising: 
10 a) contacting a fluoresceiitly tagged E2F (4 o9^2$) peptide (E2F-fiuoropeptide) with 
pRb to allow pRb/E2F-fluOropeptide complex formation; 

b) detecting the fluorescence polarization; 

c) adding a selected agent; and 

d) detecting the fluorescence polarization in the presence of the agent. 

15 

In a tenth aspect, the present invention provides a method of identifying an agent that , 
modulates a pRb/E2l?( 4 09-426) complex, comprising; 

a) contacting a fluorescently tagged E2F (40 9-426) peptide (E2F-fluoropeptide) with 
pRb to allow pRb/E2F-fluoropeptide complex formation and detecting the 

20 fluorescence polarization; 

b) contacting a selected agent with pRb and E2F (4 o9_ 42 6) peptide (E2F-fluoropeptide) 
under conditions in Which pRb and E2F-fluoropeptide can form a complex, and 
detecting the fluorescence polarization; and 

, c) comparing the fluorescence polarization detected in a) and b), 

2§; 

Preferably a decrease in fluorescence polarization in the presence of the agent 
indicates that the ag6nt destabilises the complex. 

The methods of the ninth or tenth aspects may comprise the further step of adding 
30 . Untagged E2F( 4 o9^26) and detecting fluorescence polarization. 



Preferably if fluorescence polarization decreases , on addition of the untagged E2F (4 o9- 
426) , the agent does not stabilise the complex. 

5 Preferably if there is no substantial change in fluorescence polarization, on addition of 
- - *-theuntagged-E£F^409^2B5, the ajpnt-stabiMse-s the complex.- - 

The binding affinities may be measured by isothermal titration calorimetry. 
Alternatively the binding affinities may be measured by Surface Plasmori Resonance 
iO (SPR). 

Ift ah eleventh aspect, the present invention provides an agent identified by a method 
according to the second, third, fourth, fifth, sixth, seventh, eighth, ninth and/or tenth 
aspects of the invention. 

15 

Bi a twelfth aspect, the present invention provides an agent, as set out according to the 
eleventh aspect of the invention, for use as an apoptosis promoting factor in the 
prevention or treatment of proliferative diseases. 

20 Preferably the, or each selected agent is obtained from commercial souirces or is 

synthesised. Preferably the agent is for use in preventing or treating cancer, which 
may be pancreatic cancer and related diseases. 

Iii a thirteenth aspect, the present invention provides the use of an agent, which . 
25 riiddulates a pRb/E2F (4 09-426) complex, identified by a method according to the second, 
third, fourth, fifth, sixth, seventh, eighth, ninth and/or tenth aspects of the present 
invention, in the manufacture of a medicament fdr the prevention or treatment 6f 
proliferative diseases; 



In. a fourteenth aspect, the present invention provides the use of the atomic co- 
5 ordinates of the crystal structure as set out according to the first aspect of the present 
- - - - -invention, for identifying an agent-that modulates-a- pRb/E2F( 409 ^26) complex. 



In a fifteenth aspect, the present invention provides computer readable media 
comprising a data storage material encoded with computer readable data, wherein said 
10 computer readable data comprises a set of atomic co-ordinates of the pRb/E2P (4 694 2 6) 
complex according to Annex 1 recorded thereon. 

The present invention will now be described, by way of example only, and with 
reference to the following figures, in which: 



Annex I. 

Atomic co-ordinates for crystal of pRb/E2F (4 09-42<s) complex. 
In Annex 1 there is shown: 



Column Number 


Description 


2 


Atom number 


3 


Atom type 


4 


Residue type 


5 


pRb domains (A or B) or E2F (4 09-426) (P) 


6 


Residue number 


7 


x co-ordinate of atdm (A) 


8 


y co-ordinate of atom (A) 


9 


z co-ordinate of atom (A) 


10 


Occupancy 

• **•■-««• 


■ 11 


B-factor(A z ) . . 



Figure!. 

Structure of pRb/E2F. 

(A) Schematic drawing of functional domains and protein constructs used for pKb, 
E2F. The shading vised for the constructs in this panel match those used in subsequent 

5 figures. 

(B) The structure of pRbAB/E2F (4 09-426), shown in two orthogonal views in Ribbons 
representation. The helices of the A domain are shown as a darker shade to those of 
the B domain. The main-chain trace of E2F is labelled. 

10 

(C) The interactions between E2F (40 9-426) and pRbAB are shown schematically with the 
E2F peptide running down the centre. Residues of E2F that are conserved across the 
five family members are shown as ovals, while the five residue subset of these 
conserved residues whose mutation leads to disruption of the pRb/E2F interaction are 

15 shaded. Hydrogen-bond interactions are shown as broken lines, while hydrophobic 
contacts are indicated by bands. Residues from domain A of pRb are labelled with an 
asterisk and the other residues are from domain B. All of the pRb residues shown are 
either invariant or conserved across 27 species of pRb, pl07 and pl30. 

20 Figure 2. 

Isothermal Titration Calorimetry (JTC) measurements. 

(A) The upper panel shows the raw data of an ETC experiment performed at 22°C. 
The lower panel shows the integrated heat changes, corrected for the heat of dilution, 
and the fitted curve based on a single site model. The panel represents the experiment 

25 where E2F (2 43437) is titrated into Rbyuj. 

(B) Summary of dissociation constants obtained by IT C measurements. The quoted 
errors are those produced by fitting the data to a two-state model. For the interaction 
of E2F(243-437) to RbAB and RbABC the affinities are too high to measure reliably and we 

36 have therefore quoted the Upper limits of the dissociation constants. 




Structiire determination of pRb/E2F - ; S > ^ 

. .■ ' i * ... ... 

For crystallisation we used a pRb construct based on that previously described by Lee!, 

J.O., kusso, A.A., and Pavletich, N.P. (1998). Structure of the retinoblastoma 

5 tumour-suppressor pocket domain bound to a peptide from HPV E7, Nature 391, 

"859=65, wWeh-has-en^neered-toond)in cleavage sites- at. the ends, of the. flexible linker . 

region betweeii the A and B domains. Purification and proteolysis produces a final 

protein containing residues 372 to 589 of the A domain and 636 to 787 of the B 

domain (hereafter pRbAB - Figure 1A). Although these two domains are not 

10 covaleiltly attached after thrombin treatment, they remain tightly associated. The 

removal of the A-B linker region facilitates crystallisation of pRb but does not alter its 
binding affinity for E2K Crystals of the pRb/E2F (40 9-426) complex grew in a plate-like 
habit with typical dimensions 200 x 200 x 10 Jim 3 . Repeated attempts at data 
collection from flash-cooled crystals using synchrotron X-ray sources Were thwarted 

15 by Very high crystal mosaicity and poor data reduction statistics, the problem was 
overcome by using the micro-focus diffractometer on station ID 13 at ESKF current 
experience and plans at EMBL and ESRF/ID13, Acta Crystallogr D 55, 1765-1770), 
currently the only such device installed at a synchrotron source. Using a 10x10 juim 2 
aperture, data were collected from four separate and widely spaced volumes of a single 

20 crystal in order to minimise radiation damage. A total of 100, 1° oscillation images 
were collected using a MAR CCD detector. These data extended to a Bragg spacing 
of 2.5 A With an over all Rmerge = 9.2%, arid completeness of 87%. The structure was 
solved by molecular replacement and produced initial electron density maps in which 
the E21P peptide (E2F (4 09-426)) could be readily located. 



25' 



Protein constructs. 

RbAB was expressed as a GST-fusion protein in R coli USiilg the pG£X-6P.v6ctcii\ 
The cdristiuct was engineered to cdntain a Prescissiori protease site at thd N~tei3mriti!s 
of Rb as well as tWb thrombin sites (LVPRGS) inserted at either end of the flexible 



Wv*. '■ . *M *$M ! i&- f$^Mkn • '.-V , ; ..:v: . -'i^^Ml' ' 



A : B linker. Fusion protein was loaded onto a glutathione Sepharose 4B column 
before treatment with thrombin and Prescission protease. The resulting eluent was 
further purified using a Superdex 200 gel filtration column. RbABC was expressed in 
K coli with a C-terminal His-tag using pET-24. Crude lysate was first purified using 

5 an S-sepharose column followed by a Ni-NTA step before being run on a Superdex 
-200-gel- filtration -column. Recombinant- human E2F1 (2 43.437) was expressed in E. coli 
using pGEX-6P with an engineered Prescission protease site at the N-terminus of E2F. 
Crude lysate was bound onto a glutathione Sepharose 4B column prior to Cleavage 
with the protease. The resulting eluent was further purified by gel filtration on a 

10 Superdex 75 column. E2F (4 o9-426) and E2F (3 80-437) were synthetic peptides. HPV-16 
E7(i7_98) was prepared as described elsewhere (Clements, A.J., K, Mazzareli, J.M. 
Ricciardi, R.P. Marmcrstein R. (2000). Oligomerization properties of the Viral 
oncoproteins adenovirus El A and human papillomavirus E7 and their complexes with 
the retinoblastoma protein., Biochemistry 39, 16033-16045). 

15 

Crystallography. 

Plate-like crystals were grown by the hanging drop vapour diffusion method at 4°C. 
RbAB was mixed with the E2F-1 peptide at 1:2 molar ratio and concentrated to 
15ing/mL Hanging drops were formed by mixing l|il of protein solution with an equal 

20 vblume of reservoir solution containing; 0.14M Na citrate, 26% PEG400, 4% 

ri-prbpanol and 0.1M Tris at pH 7.8. Crystals were flash frozen in mother-liquor made 
up to 25% glycerol. Diffraction data were collected using the micro-focus 
diffractometer at ESRF and processed using the DENZO and SCALE1PACK: software 
(dtwinowski,- Z.M., W. (1993). In Data Collection and Processing, L.I. Sawyer, N. 

25 Bailey, S., ed. (SERC Daresbury Laboratory), pp. 556-562). Molecular replacement 
Calculations were Carried out using Amore (CCP4, 1994) with IGUX.brk as the search 
Model. The final model contains co-ordinates for the protein which covet residues 
379-578 of thb A domain arid 644-787 of the £ domain of Rb and the entire E2F (4 :o9. 
426) peptide for the four copies present in the asymmetric unit together with 600 solvent 



molecules4The refined model has the following residuals; R WO rk =23.7%, R*ee 1 
=28.7%, rmsd bonds = 0.007 A, rmsd angles =1.3°. " 

Structore of pRb/E2F complex 

The packing of the A and B domains generates a waist-like interface groove into 
which £26(409*42$ binds in a largely, extended manner. (Figure lb).. The peptide makes 
contacts with residues from helices cc4, oc5, a6, cc8 and oc9 of domain A, and with all 
from domain B of pRb. Formation of the complex buries 2280 A 2 of surface area, 
1500 A 2 of which are hydrophobic. The two end regions of the E2F (40 9-426) fragment 
make extensive contacts with pRb, while interactions made by the middle section of 
the E2F ( 409-426) fragment (residues 416 to 420) are relatively sparse (Figure 1C). 
Overall, a high proportion of the hydrogen bond interactions between the two 
molecules involves the side chains of conserved pRb residues interacting with the 
main chain of E2F. Examination of the distribution of conserved residues over the 
surface of pRb, reveals that the majority are accounted for by the E2F binding site. 
There is a somewhat smaller cluster of conserved residues associated with the LxCxE 
binding site. Perhaps the most remarkable aspect of this analysis is that although pRb 
has been reported to associate with at least 110 cellular proteins perhaps 50 or more in 
a pocket-dependent manner, the E2F and LxCxE binding sites account for almost all 
Of the conserved residues on its surface. There are two explanations that may partially 
account for these observations. Firstly, inany of the reported binding partners of pRb 
have yet to be verified. Secondly, the LxCxE binding site is probably responsible for 
mediatting the binding of many different proteins, such as HDAC, to pRb. 

Since there are; four copies of the pRb/E2F (4 09-426) complex in the asydametric unit of 
out crystal form it is possible both to Compare these foiir crystallogfaphically 
indfepefideilt copies of the pRb/E2F (4 oM26) complex and to compare theim with the 
ciystal staructurSe of pRb/E7 without bohd E2F (Lee et al., 1998 Supra). The first six 
residues at the N-ferminus, the oc3-a4 and a6-cx7 ioops adbpt different cGnfoimatioris 



between the four Copies in our asymmetric unit, while the variations across the rest of 
the structure between the four molecules is not significant. Comparison of the pRb 
structure in the presence and absence of bound E2F ( 409-426) shows that there is 
essentially no change in the relative orientation of the two lobes of the A/B pocket on 
5 E2F ( 409-426) binding nor any widespread changes in the structures of the individual 

. . . .domains, .TQWs .comparison, does rcvealjBiat the end of oc4 and the connecting loop to 
cc5 becomes ordered in the pRb/E2F( 4 09-426) complex as two conserved residues 
(Glu464-pRb & Arg467-pRb located towards the end of oc4 in our structure) interact 
With the E2F(409^26) peptide. Within the E2F(409-426) construct there are eight residues 

10 that are conserved across E2F's from all animal species (Figure 1A). Amino-acid 
substitutions at five of these positions have been shown to lead to loss of binding to 
pRb but retention of E2F's trans-activation potential. The following description 
focuses on the structural role of these five residues. Tyr(411)-E2F appears to play an 
important role in peptide binding because its phenolic ring occupies a hydrophobic 

15 pocket created by He(536)-pRb, De(532)-pRb, He(547)-pRb and Phe(413)-E2F, while 
its hydroxyl group makes a hydrogen bond to the invariant Glu(554)-pRb. Towards 
the C-terminal part of the E2F peptide, Leu(424)-E2F and Phe(425)-E2F make several 
hydrophobic interactions * two of which involve conserved residues. Leu(424)-E2F 
makes contacts with the aliphatic portion of the side chain of Lys(530)-pRb and also 

20 packs against Leu(415)-E2F and Phe(425)-E2F. In addition, Phe(425)-E2F itself 
packs against Phe(4fc2)-pRb. Unlike the residues of E2F just discussed, the 
side-chains of Glu(419)-E2F and Asp(423)-E2F do not point into the groove formed 
between the A and B domains of pRb, but instead point away from it. Glu(419)-E2F 
hydrogen bonds through a water molecule with the main-chain carbonyl of 

25, Thr(645)-pRb; Asjp(423)-E2F forms a salt bridge with Arg(467)-pRb Ideated at the 
end o4. 

Finally, as described earlier, the crystal structure shows how E2F makes extensive 
contacts with largely conserved residues from both the A and B domains of the pocket 



,0 . the two dom&ms. r This feature of the structuf6 suggests that E2F acts' as a sensor of the 
structural integrity of the pRb pocket. The position and nature of the E2F binding site 
*. make the binding of the transcription factor particularly sensitive to mutations in the 
5 pocket region of the tumour suppressor protein. The potential significance of these 

. - . . j^bSetyatipns^will be^discussed later with regard to the normal role of pRb in protecting 

cells against E2F-mediated apoptosis. 

Additional determinants of pRb/E2F function 

10 It is clear from a number of studies that, although E2F(409-42tf) expressed as a Gal4 

fusion protein is sufficient to recruit pRb and repress transcription, there are additional 
interactions itokde by the physiologically relevant E2F/DP heterodimer with pRb. 
Siniilarly, while the pocket domain is highly conserved, the most frequent site of 
deleterious mutation, and capable of transcriptional repression, it is not sufficient for 

15 the physiological function of pRb. In particular, the C-tenninus of pRb is necessary 
for mediating growth arrest and recruitment of certain cycliii/cdk complexes as well as 
containing several of the residues whose phosphorylation leads to deactivation of pRb 
fhnction. Therefore, in order to better understand the requirements for physiological 
pRb/E2P complex formation, we have made a series of constructs of the two proteins 

20 (Figure 1 A) and carried out binding measurements by isothermal titration calorimetry 
(TTC). We have also carried out a series of competition experiments to confirm 
qualitatively the interpretation of the ITC binding data. 

-Isothermal Titration Caiorimetry . 

25 Binding of the various E2F constructs to RbAB and SbABC was measured by isothermal 
titration calorimetry using a MicroCal Omega VP-ITC machine (MicroCal Inc., 
Northampton, USA). The E2F constructs at a concentration between 100-150 \xM 
.were titrated into 12-15 yxM Rb at a temperature of 22 0 C Proteins Were dialysed 
against $0mM Tris pH 7.6, lOOmM NaCl and ImM TCEP. After subtraction of the 

v.. ; .. >>\ . '7;:, ' 1:^^ . v ■■■ ' '•' &)\-r*"r' r y O • 7 . 



dilution heats, c^orimetric data was analysed using the evaluation software MicroCal 
Origin v5.0 (MicroCal Software Inc.). For all of the titrations, the stoichiometry of 
ligand binding to Rb was very close to 1.0. For E2F (2 43-437) binding to Rb, the binding 
affinity and the heat change associated with binding were such that we could only 
establish that binding was tighter than 10 nM. In order to Verify that binding of this 
- - E?Qt?in_ was_ siimlar for both RJ?ab and RbABp we carried out competition experiments 
which showed approximately equal partition between the two different Rb proteins. 

Competition experiments. 

the proteins used in these experiments were Hise-RbABC (RESIDUES 380-929); MW 
66.07kDa, non-tagged RbAB (residues 372-787); MW 48.67 KDa, are His 6 -RbAB 
(residues 376-792); MW 49.86 KDa, E2F (2 4 3 -437); MW 21.45 KDa HPV E7 (residues 
17-98); MW 9.38 KDa and E2F (40 9-426); MW 2.12 KDa. Protein concentrations were 
carefully deterrnined by u.v. spectroscopy and confirmed by ETC titrations. The small 
acidic E2F proteins stain much weaker than Rb with Coomassie on SDS-PAGE. For 
all gel lanes contained a final RbAB concentration of ca. 7^M. After equilibration with 
E2F ( 243-437) and E2F (4 09-426) the samples were loaded onto a 1.0ml Nr column and 
washed with 7 x 0.5 ml of loading buffer (50mM tris pH 7.5, 200mM NaCl & lOmM 
Itiiidazole). The samples were then eluted with 7 x 0.5ml elution buffer (50mM Tris, 
pH 7.5, 200mM NaCl, 200mM Imidazole). After volume correction samples were 
boiled in SDS loading buffer and run on a 4-12% SDS PAGE; For the two pRb 
proteins and E2F (2 43-437) were mixed at 40pM in a final volume of 0.5ml. After 
equilibration for 2hrs the mixture was loaded onto Indi Ni beads in a small column, 
washed with 7 x 0.5ml of loading buffer (50mM tris, pH 7,5, 200mM NaCl, iOinM 
Midazolfe), eluted using 7 x 0.5ml elution buffer (50mM tris, pit 7.5, 200mM NaCl, 
200mM Imidazole). Sainples, after correcting for volume were boiled in SDS sample 
buffer and run on & 4-12% SDS gel. 



v v; A typical ITC experiment is shown in Figure 2A and a summary of the affimty " ' 
: ..constants obtained ^ 
' : ; are given in Figure 2B . The two shorter E2F. constructs bind to either pRb^B or 

• pJRb A BC with similar affinities. However, E2F (2 43-437) binds at least 16-fold stronger 
5 than either of the two shorter E2F fragments to both pRbAB and RbABo Our ITC data 

- .therefore show that_there are.add^tion^ interactions of the pocket of pRb with a 

region of E2F-1 outside of the transactivation domain. This result has been confirmed 
qualitatively by competition experiments which show that a 15-to 30-fold molar 
excess of the shorter E2P peptide is required to 50% compete with E2F (2 43-437) for 
10 binding t6 pRb. Our results aire consistent with an earlier report that noted an 

interaction of pRb with the marked box region of E2F (residues 245-317). Taken 
together, these data demonstrate that the majority of the free energy of interaction 
between pRb and E2F is contributed by the 18-residue segment E2F (40 9-426) used in our 
structure analysis. There is an additional stabilising interaction between the marked 
15 box region of E2F and pRb, that contributes approximately 2kcal mol' 1 to the overall 
free energy of complex formation, but is not sufficient on its own for complex 
formation. 

As the binding constant for the interaction of E2F (24 3-437) with pRbAB (or pRbABc) was 
20 too tight to determine reliably by ITC we performed a competition experiment to 

determine if this E2F construct bound preferentially to one or the other pRb construct. 
The results show approximately equal partitioning of E2F (2 43-437) between the two pRb 
species and demonstrates therefore, that the C-teimimis of pRb does not participate in 
the binding to E2F-1 in isolation. This means that in addition to the interaction of 
25 E2F ( 409-426) with the pocket region of pRb there is an additional interaction, almost 
certainly involving the marked box region of E2F, that also binds to the pRb pocket, 
this data is consistent with the hypothesis that the approximately 10-fold stronger - 
interaction Of E2F/DP with pRbABc rather than pRb^ reported previously arises 
, . through interactions of the DP component of the E2F/DP heterodimer with the 
.. . i3(T C-temiinus of pRb. This ideas is strongly supported by the data from another study 
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which shows that DP : 1 interacts with pRb in a manner that does not require the 
structural integrity of the A/B pocket. Taken together, these data indicate that at least 
one of the functions of the C-terminus of pRb is to bring additional stabilisation to the 
interaction of the tumour suppressor with the heterodimeric E2F/DP transcription 
factors. 



Use of structure atomic co-ordinates of Annex I 

The atomic co-ordinates of Annex 1 are cartesian co-ordinates derived from the results 
obtained on diffraction of a monochromatic beam of X-rays by the atoms of the pRb/ 
E2iF ( 409-26) complex in crystial form. The diffraction data was used to calculate electron 
density maps of the crystial. The electron density maps were then used to position the 
individual atoitis of the pRb/ E2F (40 9-26) complex. 

The determination of the three-dimensional structure of the pRb/E2F (40 9^26) complex 
provides basis for the dfesign of new and specific agents that modulates formation of 
the complex and/or modulates the interaction between pRb and E2F (40 9- 4 26> For 
example, computer modelling programs may be used to design different molecules 
expected to modulate formation of the pRb/E2F (4 09-426) complex aiid/dr the interactions 
between pRb and E2F (40 9-426). 

A candidate agent, may be any available compound. A commercial library of 
compound structures such as the Cambridge Structural Database would enable 
computer based in silico screening of the databases to enable compounds that may 
interact with, and/or modulate formation of, the complex to be identified. 

Such libraries may be used to allow computer-based high throughput screening of 
maiiy compounds in order to identify and select those agents With potential to 
modulate formation of the pRb/E2F (40 9-426) complex and/oir the interaction between' 
pRb and E2F ( 4o9-426). 



! ; ; In this regard, a potential modulating agent can be subjected to computer modelling 
; ^Wwith a docldng pixDgr^ s&h as GRAM, DOCK o/AUTODOCK (seeWdt^ et al.,' 
Dru § discovery Today, VoL3, No. 4, (1998), 160-178, and Dunbrack et al., Folding 
and Design, 2 (1997) 27-42) to identify arid select potential agents. This can include 
5 computer fitting of potential modulating agents to the pRb/E2F (40 9-426) complex to 
. .ascertain how the agent, in terms of shape and structure, will bind to the complex. 

Computer programs can be employed to estimate the interactions between the pRb, 
E2F ( 409-426) and agbnt or pRb/E2P (40 9-426) complex and agent. These interactions may be 

10 attraction, repulsion, and steric hindrance of the two binding partners (e.g. the 
pRb/E2F ( 409426) complex and a selected agent). A potential agent will be expected to 
be more potent if there is a tighter fit and fewer steric hindrances, arid therefore greater 
attractive foirces.lt is advantageous for the agent to be specific to reduce interaction 
with other proteins. This could reduce the occurrence of side-effects due to additional 

15 interactions with other proteins. 

Potential agents that have been designed or selected possible agents can then be 
screened for activity as set out in the second to seventh aspects above. The agents can 
be obtained from commercial sources or synthesised. The agent is then contacted with 
20 pRb/E2F ( 409-426) complex to determine the ability of the potential agent to modulate 
the formation of the complex. Alternatively the agent may be contacted with pRb arid 
E2F(4o9-426) undei: conditions in which pRb arid E2F (4 09-426) can form a complex (in the 
absence 6f agent), to determine the ability of the agent to modulate complex 
formation. 

.25 

A complex of pRb/E2F ( 4(&-426) and said potential agent can then be formed such that 
the complex can be analysed by X-ray crystallography to d^ermirie the ability of th6 
agfent to modulate Complex formation arid/of the interaction between pRb arid E2F (4 6&- 

426) • 



The complex of pRb/E2F(409-426) and agent could be compared to that for pRb/E2F( 4 09- 

• ■ ■ ,*.«•••■ .,•».. 

426) alone. 

Detailed structural information can then be obtained about the binding of the potential 
agent to the complex,. This will enable the structure or functionality of the potential 
. -agent to be altered to thereby to imjgraye binding. The above steps may be repeated as 
may be required. 

The agbnt-pRb/E2F (4 09-426) complex could be analysed by co-crystallising pRb/E2F (4 09- 
426) with the selected agent of soaking the agent into crystals of the pRb/E2F( 4 09-426) 
complex; arid then determining the three dimensional co-ordinates of the agent- 
complex by X-ray diffraction using molecular replacement analysis. 

Therefore, the pRb/E2F( 40 9-426) -agent complexes can be crystallised and analysed 
using X-ray diffraction data obtained arid processed, for example using the DENZO 
arid SCA1J3PACK software (Otwinowksi, Z. M., W. (1993).Difference Fourier 
electron density maps cari be calculated based on X-ray diffraction patterns of soaked 
or co-crystallised pRb/E2F ( 409-426) complex and the solved structure of uncomplexed 
agent. These maps cari ihen be used to determine the structure of the agent bound to 
the pRb/Ei2F(409-426) arid/or chariges in the conformation of pRb/E2F( 40 9-426) complex 
relative to the pRb/E2F (4 09-426) complex in the absence of agent. 

The agerit may be improved, for example by adding or reirioving fonctibnal groups, 
substituting groups or altering its shape in light of data obtained from agent bound to 
pRb/E"2F(409-426) coriaplex and/or agent bound to pRb. Such an iriipfoved agent may 
then be subjected to the methods of the invention. 

Electron density maps cari be calculated using programs such Airiorfc from the CCP4 
computing package (Collaborative Computational Project 4. The CCP4 Suite: 



The provision of computer readable media enables the atomic co-ordinates to be 
accessed to model the pRb/jE2F (4 09-426) complexby, for example, RAMSOL (a publicly 
_avml^e^cpmputer .software package which allows access and analysis of atomic co- 
ordinate data for structure determination and/or rational drug design). 

In addition, structure factor data, derivable from the atomic co-ordinate data (see e.g. 
Blundell et al., in Protein Crystallography, Academic Press, New York, London and 
San Francisco, (1976)), can be used to enable difference Fourier electron density maps 
to be deduced. 

Scrfeeiiing assays 

After ah agent has been Selected, its inhibitory effect on pRb/E2F (4 09-426) complex 
formation or ability to interact with the pRb/E2F (4 09-426) complex can be assessed with 
one or more of the assays of the invention. 

For example, the crystal structure of the interaction of E2F(409-426) with pRb can be 
used to aid the design of a fluOrescently tagged peptide for the use in a binding assay 
suitable for high throughput screening of low molecular weight compounds or peptide 
libraries. The fluorescent tag may be a fluorescein, rhodamirie or sonie other 
conimerciaily available tag chemically attached via a suitable amine or thiol group. 

Biiiding could be measured by detecting fluorescence polarization in an homogeneous 
. Etssky fomiat (i.e. one in which all reagents are mixed in a single well, arid reaction 
'occurs in solution without wash steps). Fluorescence polarization technology is 
cOmmoidy applied in high throughput screening laboratories (ref: Sokham et al. (1999) 
Analytical Biochemistry, 275, 156-161. "Analysis of protein-peptide interaction by a 



ininiattirised fluorescence polarization assay using cyclin-deperident kinase2/cyclin E 
as a model system.") 

Fluorescence polarization can be used to determine binding of a fluorescently- tagged 
small molecule (ligand or peptide) with a large molecule (receptor or protein) by 
detectdng.changes in the rotational .velocity of the small molecule in the free and bound 
state. The rotational velocity is inversely proportional to the size of the molecule. 
Using suitable optics these changes in rotational velocity can be measured as a 
differences in light transmitted in parallel and perpendicular to a polarized excitation 
source: 

In the assay of the present invention, fluoro-peptide (E2F (40 9^26)-fltforopeptide) bound 
to pRb will have a low rotational velocity and will appear stationary during the 
excitation period. Emitted light will be transmitted in parallel to the polarized incident 
light and the light detected will have a high polarization value. In contrast in the 
presence of an inhibitor of the interaction between pRb and E2F( 40 9-426) -fluoropeptide, 
the free"E2F ( 409-426) - fluoro-peptide will have a high rotational velocity and light will 
be transmitted in all directions. Emitted light will be detected both parallel and 
perpendicular to the polarized excitation source, and will have a low polarization 
value. 

An inhibitor assay could include the following steps: 

a) alloW complex formation of pRb and E2F( 4 09-426)- i flu0ropeptide, and measure 
maximum fluorescence polarization; and 

b) add a selected agent and detect whether there is a decrease in fluorescence 
polarization; 

Alternatively, an assay could include the steps: 

a) allow complex formation of pRb and E2F (40 9^26)-fluoropeptide in the presence and 
absence of a selected agent and measure the fluorescence polarization; and 



b) compare the fluorescence polaiizatibn values. .J 

v ■ : Compounds which stabilise the pRb/E2F (4 09^26) complex could be assessed in a 

% s modification of the above assay, involving competition binding of pRb by E2F ( 409-426) 
5 and E2F(409-426)-fluoropeptide. 

In this regard an assay could include the following steps: 

a) allow complex formation of pRb7E2F(409-426)-fludrbpeptide, and measure max 
fluorescence polarization; 
iO b) add a selected agent, if no change in fluorescence polarization there is no 
disruption of complex; 

c) add unlabeled E2F(409^i6) - expect displacement of E2F ( 409-426)-fluordpeptide and a 
decrease in fluorescence polarization, but not if complex is stabilised by presence 
of the agent. 

15 

The interactions could be confirmed by co-crystalisation of pRb/E2F( 4 09-426i with the 
agent, and determination of the three dimensional atomic coordinates by X-ray 
diffraction and molecular replacement. 

20 The E2F ( 409-426)/pRb interaction dan also be applied to heterogeneous assay formats 
(i.e. ones in Which reagents are partitioned between a solid support and in solution, 
arid w&sh steps aire; involved). This would irivblve the immobilisation of pRb oil 
microtitre plates, for example by antibody capture or metal idn chelation using His- 
tiagged pRh and Nickel coated plates. E2F (4 09-426) peptide may be tagged with 

.25 fludrescerice as above and the fltidrescent detected directly io determine amdunt. 
Bdttndi Alternatively, the peptide could be labelled with biotin and detected with 
- ^tfejitavidin^hbfse f adish peroxidase in an ELISA-like format. 

or 




disassociation of the complex could be identified by crystallographic means, unless 
the agent itself was tagged (radioactivity/fluorescence) and binding to the complex' 
measured directly, eg fluorescence polarization as above or scintallation counting of 
an immuno-precipitate. 

Alternatively,, the.agert^ in which 

pRb and E2F (4 69-26) can form a complex. This could result in the agent and complex cd- 
crystallising. the binding affinities of pRb to E2F (4 o9-26) in the pRb/ E2F (40 9-26) 
complex in the presence and absence of the agent can then be compared to determine 
Whether the agent inhibits complex formation. The thrfee dimensional structure of the 
pRb/ E2F(409-26) agent complex can also be solved to enable the associations in the 
new complex to be compared with those in the pRb/ E2F( 409 -26) complex (see Annex 
1). As a further alternative the pRb/ E2F (4 o9-26) complex can be formed before soaking 
the complex in the presence of a selected agent. The binding affinities of pRb to 
E2F(409i26) can thfen be determined in the presence and absence of the agent. As before, 
the three dimensional structure of any pRb/ E2F (4 o 9 -26) - agent complex could be 
solved. 

The binding affinities can be measure using isothermal titration calorimetry. 
Alternatively, surface plasrnon resonance could be used such as that provided by 
Biacore AB. 

Preferred features of each aspect of the invention are as for each of the other aspects 
mutatis mutandis. The prior art documents mentibned herein are incorporated to the 
fiillest extent permitted by law. 
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2. A crystal structure as claimed in claim 1, wherein the interactions between 
Ei2F(409-426) pRb comprise one or more of the following interactions: 



E2F ( 4oj>-426) residue 


pRb residue 


Leu^ 


Lys 548 1 




GIU551 


Tyr 411 


H6532 


Tyr 411 


Glu S54 


H1S412 


Arg 656 


ffis 412 


Lys 6 53 


Gly 414 


GIU533 


Gly 4U 


LyS652 


Leu 415 




Leu 415 • 


Glu 553 


Leu 415 


Lys 5 37 


Glu 417 


Lys 5 37. 




Afg 467 


Glu 41 9 


Thr^s 


Arg422 


Glu^ 


As'p 423 


Arg^ 


Leii 424 


Lys 530 


Phe 425 


Phe 4 jj 2 


Phe 425 


Lys 47 5 



.3. An assay to identify an agent which modulates the interaction between pRb 
and E2F ( 409-426> the assay comprising: 

a) combining together pRb, E2F (40 9-42<5) a**d an agent, under conditions in 
Which pRb and E2F (40 ^-426) form a complex; 

b) obtaining a crystal structure of any pRb/ E2F (40 9-426) complex; and 

c) analysing the crystal structure to determine whether the agent is ah agent 
Which modulates the interaction between pRb and E2F (40 cM26)- 

4. An assay, as claimed in claim 3, wherein the combining of the components 
is pRb with the agent and then E2F (40 9^26)- 

5. An assay as claimed in claim 3, wherein the combining of the components 
is E2F (40 9-426) With the agent and then pRb. 

6. An assay as claimed in claim 3, wherein the combining of the components 
is pRb with E2F (409 ^26) and then the agent. 

7. A method of identifying an agent that modulates a piRb/E2F (40 9, 4 26) complex, 
comprising selecting an agent using the three-dimehsibriai atomic 
coordinates of Aniiex 1. 

8. A methdd as claimed in claim 7, wherein said selection is perforated in 
conjunction with computer modeling. 

9. A method as claimed in claim 7 or 8, wherein the metlrod further comprises 
the steps of: 



. f •'''M^li^ ^uiiLauuag uic scieciea; agent wim pjKD ana JK2r (40 9-426) under conclitions in 



b) measuring the binding affinity of pRb' to E2F (4 09«426) in the presence of the 
agent and comparing the binding affinity to that of pRb to E2F (409 - 4 26) when 7 
iii the absence of the agent, wherein an agent modulates a pRb/E2F (4 o 9 ^ 2 6) 



complex when there is a change in the binding"^ffifiity of pRb to E2F (409 / 
426) when in the presence of the agent. 

10. A method as claimed in claim 9, wherein the method farther comprising: 
10 a) growing a supplementary crystal from a solution containing pRb and 

E2F (40 9^26) and the selected agent where said agent changes the binding 
affinity 6f the pRb/E2F (409 -426) complex under cofiditions in which pRb and 
E2F( 40 - 9 - 4 26) can form a complex; 

b) determining the three-dimensional atomic coordinates of the supplementary 
15 crystal by X-ray diffraction using molecular replacement analysis; 

c) comparing the three dimensional coordinates with those for the complex as 
claimed in claim 1 ; and 

d) selecting a second generation agent using the three-dimensional atomic 
coordinates determined for the supplementary crystal. 

20'. . 

. . 1 1\ A method as Claimed in claim 10, wherein said selection is performed in 

conjunction vnth computer modeling. 

.' 12* A method of identifying an agent that mddulates a pRb/E2F (4 o 9 ^26) 
25 complex, comprising: 

a) contacting a selected agent with pRb and E2F (40 9-426) under conditions in 
. ,-. which pRb and E2F (409 ^26) can forni a complex; and 

b) measuring the binding affinity of pRb to E2F (40 9-426) in the presence of the 

; V agent and comparing the binding affinity to that Of pRb to EZFyog-tzs) when 



in the absence of the agent, wherein aii agent modulates a pRb/E2F (40 9-426) 
complex when there is a change iii the binding affinity of pRb to E2F ( 4 09 _ 
426) when iii the presence of the agent. 

13, A method as claimed in claim 12, wherein the method farther comprising: 

a) growing a supplementary crystal from a solution containing pRb and 
E2F ( 409-426) and the selected agent where said agent changes the binding 
affMty of the pRb/E2F (40 9-426) complex under conditions in which pRb and 
E2F ( 409^26) can form a complex; 

b) determining the three-dimensional atomic coordinates of the supplementary 
crystal by X-ray diffraction using molecular replacement analysis; 

c) comparing the three dimensional coordinates with those for the complex as 
claimed in claim 1; and 

d) selecting a second generation agent using the three-dicnensioiaal atomic 
coordinates detertnined for the supplementary crystal. 

14, A method as claimed in ciaim 13, wherein said selection is performed in 
conjunction with computer modeling. 

15, A method of identifying an agent that modulates a pRb/E2F (40 9-426) complex, 
comprising: 

a) selecting afi agent; 

b) co-cfystahsing pRb with the agent; 

c) detenmniug the three dimensional coordinates of the pRb-agent association 
by X-ray diffraction using molecular replacement analysis; arid 

d) comparing the three dimensional coordinates with those of the complex as 
claimed iii claim i. 




S\> ^ ^^t^^iB^^ci identi^uag' an agent that modulates a pRb/E2F (4 09.4ife) coioiplex, 

■ comprising: ■ ' *•'/::' ■ 

, a) selecting an agent; 

> b) Crystalising pRb and soaking the agent into the crystal; 

5 c) determining the three dimensional coordinates of the pRb-agent association 
by X-ray diffraction using molecular replacement analysis; and 
d) comparing the three dimensional coordinates with those of the complex as 
claimed in claim 1 . 

10 i7. A method of identifying an agent that modulates a pRb/E2F (40 9-426) complex, 
comprising: 

a) selecting an agent; 

b) Co-crystalising pRb, E2F (40 9-426) and the agent; 

c) determining the three dimensional coordinates of the pRb-EZF-agent 

*i5 association by X-ray diffraction using molecular replacement analysis; and 

d) comparing the three dimensional coordinates with those of the complex as 
claimed in claim 1. 

18. A method of identifying an agent that modulates a pRb/E2F ( 4 0 9-426) complex, 
20 comprising: 

. a) selecting an agent; 

■ • " b) ''ed-er^ta^sifi^pKb atid B2F (4 09-426) and soaking the agefit into* fhe-CTystal; * 
- . . . c) detefnnmng the three dimensional coordinates of the pRb-^E2F-agent 

association by X-ray diffraction using molecular replacement analysis; arid 
- ' 2j> . d) comparing the three dimensional coordinates with those of the complex as 

claimed in claim L 



■ )' , 

.Aw 



,i- : V:': i'^m ^ r 
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A method as claimed in any one of claims 15 to 18, wherein the methods 
further comprise selecting a second, generation agent using the three 
dimensional atomic coordinates determined. 

5 20. A method as Claimed in claim 19, wherein the agent is selected using the 
three dimensional atomic coordinates of Annex 1 . 

21. A method as claimed in claim 20, wherein the selection is performed in 
conjunction with computer modeling. 

10 

22\ A method of identifying an agent as claimed in any one of claims 7 to 21 , 
wherein the selected agent and/or the second generation agent rnimics a 
structural feature of E2F( 409 .426) when said E2F (4 b 9 -426) is bound to pRb. 

15 23. A method as claimed in claim 7 or 8, wherein method comprises the further 
steps of: 

a) contacting the selected agent With the pRb/E2F (40 9^26) complex; and 

b) determining whether the agent affects the stability of the complex. 

20 24. A method as claimed in claim 23, wherein the determination is with 
fluorescence polarization. 



25; A method of identifying an agent that modulates a pFLb/E2F (4 09^26) complex, 
comprising: 

a) contacting a fluorescentiy tagged E2F (4 o<M26) peptide (E2F-fiuoropeptide) 
with pRb to allow pRb/E2F-fluoropeptide complex formation; 

b) detecting the fluorescence polarization; 

c) adding a selected agent; and 

d) detecting the fluorescence polarization in the presence of the agent. 



25 




:... 



: 2& A method "of identifying an agent thatmbduiates a p^D/E2P (4 pS26) ' l: 
complex, comprising; ' * . 

a) contacting a fluorescently tagged E2F (40 9. 42( >) peptide (E2F-fluor0peptide) 

5 with pRb to allow pRb/E2F-fluoropeptide complex formation and detecting 

the fluorescence polarization; 

b) contacting a selected agent with pRb and E2F (40 9- 4 26) peptide (E2F- 
fluaropeptide) tinder conditions in which pRb and E2F-fluoropeptide can 
form a complex, and detecting the fluorescence polarization; and 

10 c) comparing the fluorescence polarization detected in a) and b). 

27. A method as claimed in claim 25 or 26, wherein a decrease in fluorescence 
polarization in the presence of the agent indicates that the agent destabilises 
the complex. 

15 

28. A method as claimed in any one of claims 25 to 27, Wherein the method 
Comprises the further step of adding untagged E2F (40 9- 42 6) and detecting 
fluorescence polairization. 

. 20 29, A method as Claimed in Claim 28, wherein if fluorescence polarization 
decreases, On addition of the untagged E2F (40 9- 4 26) , the agent does riot 
stabilise the Complex. 

30. A method as claimed in claim 28 or 29, wherein if there is ho substantial 
25 change in fluorescence polarization, on addition of the untagged E2F (4 d* ) - 4 26) 

i the agerit stabilises the complex. 

3 1 . A method as claimed in any one of claims 9 to 14, wherein the binding 




32. A method as claimed in any one of claims 9 to 14, wherein the binding 
affinity is measure by Surface Plasmon Resonance (SPR). 

33. An agent, that modulates the interaction between pRb and E2F ( ^ 426) , 
identified by a method as claimed in any one of claims 3 to 32. 

34. An agents as claimed in claim 33, for use as an apOptosis promoting factor 
in the prevention dr treatment of proliferative diseases. 

35. An agent as claimed in ciaiih 33 or 34, wherein the agent is for use in 
preventing or treating Cancer, which may be pancreatic cancer and related 
diseases. 



36. The use of an ageiit, which modulates the formation of a pRb/E2F (4 o 9 -426) 
complex, identified by a method as claimed in any one of claims 3 to 32, in 
the manufacture of a medicament for the prevention or treatment of 
proliferative diseases. 

37. the use of an agent as claimed in claim 36, wherein the proliferative 
diseases are cancer, preferably pancreatic cancer and related diseases. 

38. The iise of the atomic co-ordinates Of the crystal structure as claimed in 
claim 1 of 2, for identifying an agent that modulates the formation of a 
pRb/E2F ( 4t)9^26) complex. 



39. Computer readable media comprising a data storage material encoded with 
computer readable data, wherein said computer readable data comprises a 
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Figure 1A 
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Figure 2B 
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